Introduction
Red wine has high concentrations of polyphenols, which are extracted from the juice, seeds and skin. Red wine polyphenols are classified into proanthocyanidins (PAs), anthocyanins, flavonols, nonflavonoids and other flavonoids. PAs are polymeric polyphenols composed of flavan-3-ols, such as catechin, epicatechin, epicatechin gallate and epigallocatechin, as subunits, and are reported to be the predominant polyphenolic compounds in red wines (Sacchi et al., 2005) . Interflavan bonds link the polymers at the C4-C8 or C4-C6 positions (Prieur et al., 1994; Souquet et al., 1996) . PAs give an astringent sensation in the mouth and have an important influence on the quality of red wine (Fischer and Noble, 1994; Fontoin et al., 2008; Holt et al., 2008) . They also play an important role in the stabilization of wine color (Remy et al., 2000; Romero and Bakker, 2000; Peng et al., 2002) and possess strong antioxidant activity (Ariga, 2004; Nassiri-Asl and Hosseinzadeh, 2009) .
PAs are clearly an important component in wine. However, their complex structures make measurement difficult. Various methods for PA analysis, such as vanillin assay (Burns, 1978) , phloroglucinolysis (Kennedy and Jones, 2001 ) and HPLC (Ricardo da Silva et al., 1990; Kennedy and Taylor, 2003) , have been developed. Recently, the bovine serum albumin (BSA) precipitation method (Hagerman and Butler, 1978) was modified for wine PA concentration analysis (Harbertson et al., 2002) .
In the mouth, astringency is perceived as a result of the binding of PAs with salivary proteins and the subsequent precipitation of the bound PAs (Kielhorn and Thorngate, 1999) . The BSA precipitation method was developed based on this unique reaction of PAs with proteins, and can provide useful information about the nutritional value of foods that contain PAs (Hagerman and Butler, 1978) . Indeed, Kennedy et al. (2006) , Mercurio and Smith (2008), and Seddon and Downey (2008) showed that PA concentration measured using this method is closely related to wine astringency. Furthermore, Harbertson et al. (2008) measured PA concentrations in red wines from major wine-producing countries and indicated that PAs in red wines measured 672 mg CAE /L (CS) and 559 mg CAE/L (MER). They also showed that PA concentrations varied markedly (as much as 32-fold), even in wines made from the same grape variety. This difference may greatly affect the taste of red wines.
A pioneering measurement of PA concentrations in Japanese red wines was reported by Koyama et al. (2007) . However, BSA-binding PAs, which are related to astringency in red wines, have not been studied to date. In this study, PA concentrations in Japanese red wines were measured using Total phenol measurement Total phenols (TPs) were measured by the Folin-Ciocalteu method (Singleton and Rossi, 1965) .
Analysis of wine Alcohol concentration was measured using Alcomate (Riken Keiki Co., Ltd., Tokyo, Japan).
Spectrophotometric analysis Absorbance at 420, 520 and 620 nm was measured. The color intensity was determined by taking the total of A 420 , A 520 and A 620 . Color hue was assessed by A 420 /A 520 (Ribéreau-Gayon et al., 2006) .
Results and Discussion
The average PA concentrations in the various wines are shown in Fig. 1 -A. The average PA concentrations were 65 mg CAE/L for MBA wine, 312 mg CAE/L for CS wine, 356 mg CAE/L for MER wine, and 413 mg CAE/L for ZR wine. PA concentration in MBA wine was very low when compared to those in wines made from other varieties (p < 0.01). This is characteristic of MBA wine, and is one of the factors contributing to its lightness.
It has been reported that the number of seeds in grapes affects the PA concentration of red wine (Harbertson et al., 2002) . For grapes with a large diameter, the number of seeds per kg is small. The average diameter of grapes grown in the experimental vineyard of the University of Yamanashi was 20 mm (for MBA) and 13 mm (for CS and MER), and the respective number of seeds per kg was approximately 350 and 950. Thus, the 2.7-fold difference in PA concentration between MBA and CS or MER was to be expected. Howevthe BSA precipitation method and their relationships with alcohol and TP concentrations, as well spectrophotometric parameters, were determined.
Materials and Methods
Wine samples A total of 165 commercial Japanese red wines were used for analysis. The wines represented a variety of grapes and vintages (Table 1) , and were stored in the dark at 15℃ until analysis.
PA measurement PA measurements were conducted as described by Harbertson et al. (2002) . Specifically, a protein solution for PA precipitation was prepared by dissolving BSA (Cohn Fraction V, pH7.0, Wako Pure Chemical Industries, Ltd., Osaka, Japan) in buffer containing 200 mmol/ L acetic acid and 170 mmol/L NaCl. The pH of the solution was adjusted to 4.9 with NaOH to give a final protein concentration of 1 mg/mL. Each wine was diluted with a model wine containing 12% ethanol (v/v) and 5 g/L potassium hydrogen tartrate, and pH was adjusted to 3.3 with HCl. A 1-mL aliquot of the protein solution was dispensed into a 1.5-mL microtube and 500 μL of diluted wine was added. The mixture was allowed to incubate at room temperature for 15 min with slow agitation. After incubation, the sample was centrifuged for 5 min at 13,500 × g to obtain the PA-protein pellet. The pellet was washed with 250 μL of washing buffer (200 mmol/L acetic acid and 170 mmol/L NaCl adjusted to pH 4.9 with NaOH) and the sample was recentrifuged for 1 min at 13,500 × g. The supernatant was discarded and 875 μL of buffer containing 5% triethanolamine (TEA, 98%) (v/ v) and 10% sodium dodecyl sulfate (SDS, 95%) (w/v) was added. The microtube was allowed to stand at room temperature for 10 min. The microtube was then vortexed to completely dissolve the PA-protein pellet. After 10 min, the absorbance at 510 nm was determined. Subsequently, 125 μL of ferric chloride (10 mmol/L FeCl 3 in 0.01 N HCl) reagent was added and after 10 min, absorbance at 510 nm was again determined. A standard curve was prepared using D-(+)-catechin hydrate. In order to correlate PA concentration with the other wine components, TP concentration, alcohol concentration and wine color were measured (Figs. 1 and 2) , and the relationships were examined (Fig. 3) . A positive correlation (p < er, the average PA concentration of MBA was 5 times lower than that of V. vinifera varieties.
In this study, PA concentrations were 1-356 mg CAE/ L (MBA), 114-572 mg CAE/L (CS), 89-1194 mg CAE/L (MER) and 119-775 mg CAE/L (ZR) (Fig. 1-A) . PA concentrations varied by 5-to 13-fold in the V. vinifera varieties. In MBA, a more than 300-fold difference in PA concentration was noted (Table 2) . These large variations of PA concentration in red wines made from the same variety were consistent with the results of Harbertson et al. (2008) . The timing of grape harvest, the winemaking method, and/or fermentation management are thought to be responsible for these variations in PA concentration.
Further research into both winemaking method and fermentation management is needed in order to reduce these large differences in PA concentrations in the wines.
BSA-Binding Proanthocyanidin in Japanese Red Wine to extract PAs. For ZR wines, the number of wine samples may have been too small to clarify the relationship between alcohol and PA concentration. Among red wines, the land area for MBA cultivation is the largest in Japan. Many Japanese wineries produce MBA wine. Understanding why PA concentrations in MBA wine are low may contribute to elucidating the extraction mechanism of PAs, and to determining why PA concentrations vary markedly, even in wines made from the same grape variety. 0.05) was observed between TP and PA concentrations for all varieties. This is consistent with the report that PAs are the predominant (approximately 50%) phenolic compounds in red wine (Sacchi et al., 2005) . In that report, PA concentration was estimated by subtracting the concentrations of other phenolics, such as anthocyanins, flavonoids, nonflavonoids and flavonols, from TP concentration. In this study, the average percentage of PA concentration in TP concentration was only 4.8% (for MBA), 14.6% (for CS), 16.3% (for MER) and 19.5% (ZR) (Figs. 1-A and 1-B) . These results suggest that the BSA precipitation method employed here does not determine the concentrations of all the PAs in wine. Although the PA concentration determined by the BSA precipitation method is important because it is related to wine astringency, a certain portion of PA may not precipitate with BSA. These differences in sensitivity of PAs toward BSA may be important for the individuality of each wine. In this regard, it is necessary to fully understand the differences in sensitivity of PAs toward BSA.
In MBA, MER and ZR, a correlation between wine color and PA concentration was observed. Wine colors at A 420 (yellow-brown), A 520 (red) and A 620 (purple) were positively correlated with PA concentration. Color intensity (A 420 +A 520 +A 620 ) also showed a positive correlation with PA concentration. Based on these results, wines with high PA concentration have high color intensity and deep color. It is known that PAs contribute to the stability of wine color (Remy et al., 2000) and this effect may account for the positive correlation between PA concentration and color intensity. In contrast, for CS, there was no correlation between color or intensity and PA concentration. The reason for this is unclear at present.
Color hue (A 420 /A 520 ) is an indicator of aging and oxidation of phenolics in wine (Ribéreau-Gayon et al., 2006) . In all the varieties analyzed, a negative correlation between color hue and PA concentration was observed, suggesting that aged and oxidized wines have low PA concentration. The astringent taste of red wine is believed to decline with age.
A positive correlation between PA concentration and astringency has been reported (Fischer and Noble, 1994; Fontoin et al., 2008; Holt et al., 2008; Villamor et al., 2009) . The negative correlation between color hue and PA concentration may be an indication of the reduction in astringency with aging. The effects of aging on PA structure remain to be elucidated. Although wine PAs are known to be extracted by alcohol from grape tissues (Singleton and Draper, 1964; Ozmianski et al., 1986) , alcohol concentration was only correlated with PA concentration in the ZR wines. The lowest alcohol concentration was 10% (v/v) in the present wines, indicating that 10% (v/v) alcohol concentration was sufficient
